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Abstract
Background: In recent decades middle-income countries have experienced a rapid increase in the number of cars
and motorcycles. Increased deaths and hospitalizations due to road traffic injuries (RTI) has been observed in several
countries as a result. In this study we assessed the determinants of RTIs in Brazil by mode of transportation and
compared differences in RTI rates among macro-regions.
Methods: We used data from the National Health Survey (NHS) conducted in 2013 by the Brazilian Institute of
Geography and Statistics and the Ministry of Health. NHS is a comprehensive household survey which includes a
representative sample (N = 60,198) of individuals aged 18 years or older. The prevalence and determinants of RTI
were estimated according to different modes of transport (car/van, motorcycle, and other) and regions of the
country. Bivariate and multivariable logistic regression models were applied to assess crude and adjusted odds
ratios, respectively, and their 95 % CI for RTI determinants.
Results: The prevalence of RTI for the Southeast, South, Central-West, Northeast and North regions of Brazil was
2.4 %, 2.9 %, 4.4 %, 3.4 % and 4.8 %, respectively, pointing to important differences among regions. High percentages of
motorcyclists were observed in the Northeast and North regions. For motorcyclists, factors associated with RTIs were
being male (OR = 2.6;95 % CI:2.3;3.0), aged 18–29 (OR = 3.2; 95 % CI:2.7;3.8) and 30–39 years (OR = 2.0;95 % CI:1.7;2.5),
black (OR = 1.4;95 % CI:1.1;1.7), having elementary educational (OR = 1.5;95 % CI:1.1;1.9), reporting binge drinking behavior
(OR = 1.3;95 % CI:1.1;1.5), and living in the Central-West (OR = 2.0;95 % CI:1.6;2.5), Northeast (OR = 1.8;95 % CI:
1.5;2.1) and North (OR = 2.0;95 % CI:1.6; 2.5) regions of the country. The independent variables associated with RTI for
car/van occupants were being male (OR = 1.7;95 % CI:1.4;2.1), aged 18–29 (OR = 1.5;95 % CI:1.1;2.0) and 30–39 years
(OR = 2.5;95 % CI:1.9;3.2), reporting binge drinking behavior (OR = 2.0;95 % CI:1.6;2.5) and living in the South
region (OR = 1.6;95 % CI:1.3;2.1).
Conclusions: There were considerable regional disparities in RTI rates across Brazil’s regions. Motorcyclists
contributed to the high RTI rates in these regions as did demographic factors and behaviors such as alcohol
use. These findings can help guide interventions to reduce the burden of RTIs in Brazil.
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Background
Estimates by the World Bank and the Institute of Health
Metrics and Evaluation show that in 2012 road traffic in-
juries (RTI) were the direct cause of 1.33 million deaths,
and a contributing factor in a further 184,000 deaths. In
the last two decades, deaths as a result of RTI have in-
creased by 46 %, leading to an annual global loss of nearly
80 million healthy years of life [1]. The burden of RTI has
significantly increased in countries that have experienced
rapid economic growth (e.g., the BRICS group — Brazil,
Russia, India, China and South Africa), with such coun-
tries prioritizing investment in the construction of road
infrastructure and promoting industrialization with in-
creased vehicle production and purchases, particularly
cars and motorcycles [1, 2].
In recent decades in Brazil there has been an increase in
the motorization rates of cars and motorcycles as a conse-
quence of rapid economic growth. This was accompanied
by an increase in the average income of Brazil’s poorest
population, rapid urbanization, and economic measures to
encourage the production of cars and motorcycles. Motor-
cycle production (1620 %) and sales (1356 %) of motorcy-
cles sharply increased between 1990 and 2011 [3]. The
Northeast region of Brazil presented the highest percent-
age of motorcycle sales in Brazil in 2013. In 2008, motor-
cycle sales in Brazil ranked fourth in the world [4]. Car
production also increased by 315 % during that period [5].
These factors have shifted the mobility pattern of Brazil’s
low and middle-income populations from public to private
transport [6]. The effects of this rapid increase in
motorization in Brazil include increased traffic congestion,
environmental pollution, and injuries and deaths due to
road traffic crashes [7–9].
Regarding RTI mortality in Brazil, two trends have been
observed in recent decades: a short period of reduction
between 1998 and 2000, involving all modes of transport,
and an upward trend from 2003–2012, characterized by a
reduction in pedestrian deaths but increased deaths
among vehicle occupants, especially among motorcyclists
[8, 10]. The main determinant of the reduction in mortal-
ity rates from 1998–2003 was the implementation of the
Brazilian Traffic Code in 1998 [8, 11]. The likely contribu-
tors to the upward trend in mortality rates were increased
household income and the rapid increase in motorization
rates of cars and motorcycles discussed above [9, 12]. Re-
garding non-fatal RTIs, a 55 % increase in emergency de-
partment visits was observed between 2003 and 2013,
accompanied by a 205 % increase in hospitalizations
among motorcyclists [7, 13]. A number of other legislative
initiatives have also been recently introduced including
the ‘dry law’ in 2008, which reduced legal blood alcohol
levels among drivers from 0.06 g/L to 0.02 g/L. A corre-
sponding reduction in RTI and fatalities was observed for
a short period of time between 2008 and 2009 [14].
Changes in the spatial pattern of RTI have also occurred,
with a reduction in mortality rates in the Southeast region
and an increase in the North and Northeast regions of the
country, mainly due to increased deaths among motorcycle
riders [7]. Hence, clusters of high mortality rates due to
RTI were observed in the Northeast, North, and Central-
West regions, especially for motorcyclists [8].
Although several studies have provided evidence on the
causes of hospitalization and deaths, few Brazilian studies
have analyzed the magnitude of RTI at the population
level. Two surveys have recently been conducted in Brazil:
the National Household Sample Survey (PNAD) in 2008
[15], and the National Health Survey (NHS) in 2013 [16].
Results from PNAD estimated a RTI prevalence of 2.5–
3.5 % for males and 1.5 % for females. Individuals aged
18–24 and 25–34 years, and those with a high level
of education presented the highest RTI prevalence’s.
Differences in RTI among the five macro-regions of
the country were also found, with the highest preva-
lence in the Central-West (3.3 %), followed by the
South (3.0 %), Southeast (2.5 %), North (2.4 %), and
Northeast (1.9 %) [15, 17].
Population surveys of RTIs in developing countries,
such as Mexico and Thailand, show a lower (Mexico)
and higher (Thailand) prevalence of RTI when compared
with data from Brazil for the period 2008–2013. In
Mexico, the prevalence of RTI in 2006 was 1.0 %, higher
in males (1.3 %) and in individuals aged 20–44 years
(1.3 %) [18]. In 2012, the prevalence of RTI in Mexico
was 1.2 %, with higher portion of the RTIs (53 %) among
occupants of vehicles with four wheels or more, followed
by motorcyclists (23 %), pedestrians (13 %), and cyclists
(12 %) [19]. In Thailand, a country with high RTI mor-
tality rates [20], the prevalence of RTI in 2009 was 10 %,
with motorcycles involved in 74 % of all RTIs [21]. In
Hyderabad, India, the age–sex-adjusted rate for non-
fatal RTIs was 20.7 %. High rates were observed in the
15–19 age group. The rate was similar for pedestrians
and motorcyclists [22].
An analysis of the determinants of RTI by mode of
transport in developing countries showed the following
results: for motorcyclists the determinants were being
male or a young male, not married, with a middle or
high income, recent migration from one city to another,
driving under the influence of alcohol, inexperience with
driving a motorcycle, and conspicuity [21, 23, 24]; for
car drivers the main determinants were being male, a
young male, fatigue, aged 40–49 years, being separated,
divorced, or widowed, [21] driving under the influence
of alcohol, and just driving at night [23, 25].
The 2013 NHS collected data on RTIs, but to date,
there has been no report of potential determinants of
RTI using this dataset. We therefore analyzed RTI data
from the 2013 NHS to assess RTI determinants in Brazil
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In this study we used data from the NHS conducted in
2013 by the Brazilian Institute of Geography and Statistics
and the Ministry of Health. The NHS is a comprehensive
household survey, which included a representative sample
(N = 60,198) of individuals aged 18 years or older. Partici-
pants were interviewed during household visits. Data col-
lection was performed by trained professionals using
Personal Digital Assistants. The prevalence and determi-
nants of RTI in Brazil were estimated according to differ-
ent modes of transport (car/van, motorcycle, and other)
and regions of the country. Brazil consists of 27 states
and a Federal District. The Federal units are grouped
into five regions: North, Northeast, Southeast, South
and Central-West.
Sampling
The 2013 PNS sampling strategy consisted of a complex
sample performed in three stages: (i) primary sampling
unit: census tracts or set of tracts; (ii) secondary sam-
pling unit: households; and (iii) individuals aged 18 and
older. Within each stage, participants were selected
using simple random sampling. The probability of select-
ing each individual aged 18 years and older within a
household was weighted by household, adjusted by non-
response rate, sex, and age calibration by the total popu-
lation. Details of the sampling design and sample size
are available from previous reports [10, 26, 27].
Analytic approach
Outcome definition
The NHS questionnaire asked participants whether they
had been involved in a road traffic crash that had re-
sulted in a non-fatal injury in the last 12 months; if so,
how many crashes had they experienced in that period,
what was the mode of transport they used, and whether
they were a pedestrian, driver, or passenger at the time
of the most serious episode.
The present study focused on two outcomes: (i) indi-
viduals who suffered an injury from a road traffic crash
in the past 12 months (regardless of the number of
crashes). This outcome was used to estimate RTI preva-
lence by region, assess victim characteristics, and enable
comparison with results from 2008 PNAD; (ii) individ-
uals who were injured in one road traffic crash only
within the last 12 months. This outcome was used to
estimate the prevalence and differences of RTI deter-
minants by mode of transport. The exclusion of indi-
viduals who reported more than one RTI episode was
necessary as the mode of transport was determined
based on the occurrence of the most serious episode
over the survey reference period. For this outcome,
three categories were considered: (i) motorcycle driver
or passenger; (ii) car/van driver or passenger; and (iii)
other (including pedestrian, cyclist, bus driver or pas-
senger, truck driver or passenger, and occupant of
other modes of transport). The ‘other’ modes of
transport were pooled together because of their small
frequency.
Determinants for this investigation were: (i) sex (male
and female) as a proxy for gender [28, 29]; (ii) age
groups 18–29 years (young adults), 30–39 years and 40–
59 years (adults), and 60 years and older (older adults);
(iii) race/skin color (white, brown, and black – Asian
and indigenous categories were too small to be consid-
ered in this analysis) as a proxy for ethnic identity and
socioeconomic level [29, 30]; (iv) educational level (col-
lege or higher, high school, elementary school and lower
than elementary school/illiterate) as a proxy for socio-
economic level [24, 31]; (v) living with a husband/wife
or partner (yes or no), assuming that individuals with
stable unions are less exposed to roads in their leisure
time [32]; and (vi) current drinker, defined as a person
who consumes alcohol once or more per month (yes or
no), binge drinking, defined as a men who consumed
five or more units of alcohol (four or more units for
women) on a single occasion in the past 30 days (yes or
no), and reports of driving after consuming alcohol (yes
or no) [33, 34]. These variables are the main behavioral
risk factors for injuries and deaths caused by road
traffic crashes [17, 24, 35]. Other behavioral factors
such as the use of a helmet and seat belts were not
assessed in this study because these variables are
mainly related to the severity of RTIs and not their
occurrence. Furthermore, the NHS provides no infor-
mation on the use of such equipment at the time of
the reported crash [23].
In the descriptive analysis, the magnitude and uncer-
tainty of the outcomes were estimated by the prevalence
of RTI for each mode of transport and the respective 95 %
confidence interval (95 % CI). Bivariate and multivariable
logistic regression models were applied to assess crude
and adjusted odds ratio and their 95 % CIs, respectively.
Variables that presented a p-value of less than 0.20 or
those that were identified in the literature as relevant de-
terminants of an RTI [23] were used in multivariable
analyses. Multivariable models were fitted for each of
the three groups (motorcyclists, car/van occupants, and
other road users). Stepwise forward methods were used
to adjust for possible confounders and test the interac-
tions. Analyses were performed using SPSS (Ver. 18).
The NHS survey was approved by the National
Committee of Ethics in Research (CONEP) in June 2013
(protocol # 328.159).
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Results
Table 1 shows the sociodemographic and behavioral
characteristics of the study population. The majority of
participants were female, aged 30–59 years, and had
intermediate or low education. White people accounted
for 48.1 % of participants, and 61.2 % lived with a part-
ner. For alcohol use, 26.5 %, 13.7 %, and 24.3 % of the
respondents answered that they were a current drinker,
binge drinker, and had driven under the influence of al-
cohol, respectively.
Overall, 1840 participants (3.1 %) reported at least one
RTI in the last 12 months; these respondents were pre-
dominantly male (68.9 %), aged 18–29 years (43.3 %),
had brown skin color (47.4 %), and low education
(49.7 %). Regarding alcohol use, 42.8 % were current
drinkers, 27.1 % reported binge drinking, and 36.9 %
drove under the influence (Table 1).
RTI prevalence in the Southeast (2.4 %; 95 % CI: 1.9;
2.9), South (2.9 %; 95 % CI: 2.2; 3.6), Central-West
(4.4 %; 95 % CI: 3.7; 5,1), Northeast (3.4 %; 95 % CI: 3.0;
3.8), and North (4.8 %; 95 % CI: 4.0; 5.7) regions showed
three clear levels: low (Southeast), moderate (South and
Northeast), and high (Central-West and North).
If we consider only individuals who reported just one
RTI in the last 12 months (N = 1604), 58.4 % were mo-
torcyclists, 27.1 % were car/van occupants, and 14.4 %
traveled by other modes of transport. The distribution of
drivers by mode of transport and macro-region is dis-
played in Fig. 1a. In the North, Northeast and Southeast
regions, the proportion of individuals who do not drive
Table 1 Sociodemographic and behavioral characteristics of road traffic injuries according to the National Health Survey. Brazil, 2013
Variable Total N = 60,198 Road traffic injury N = 1,840a
% 95 % CI % 95 % CI
Sex
Female 52.9 (52.5; 53.3) 31.1 (29.0; 33.2)
Male 47.1 (46.7; 47.5) 68.9 (66.8; 71.0)
Age (years)
18–29 26,1 (25,7; 26.4) 43.3 (41.1; 45.6)
30–39 21.6 (21.3; 22.0) 28.6 (26.6; 30.7)
40–59 34,2 (33,9; 34.6) 22.2 (20.4; 24.2)
> = 60 18,1 (17.8; 18.4) 5.8 (4.8; 7.0)
Race/Skin color
White 48.1 (47.7; 48.5) 41.7 (39.4; 44)
Brown 42.6 (42.2; 43.0) 47.4 (45.1; 49.7)
Black 9.3 (9.1; 9.6) 11.0 (9.5; 12.4)
Education
College or higher 12.7 (12.5; 13.0) 11.5 (10.1; 13.1)
High school 32.8 (32.4; 33.2) 38.9 (36.7; 41.1)
Elementary school 15.5 (15.2; 15.8) 30.9 (28.8; 33.0)
Lower than elementary school 38.9 (38.5; 39.3) 18.8 (17.0; 20.6)
Married/Partner
Yes 61.2 (60.8; 61.6) 54.3 (52.0; 56.6)
No 38.8 (38.4; 39.2) 45.7 (43.4; 48.0)
Current drinker
No 73.5 (73.1; 73.8) 57.2 (55.0; 59.5)
Yes 26.5 (26.2; 26.9) 41.8 (40.5; 45.0)
Binge-drinking
No 86.3 (86.1; 86.6) 72.9a (70.8; 74.9)
Yes 13.7 (13.4; 13.9) 27.1 (25.1; 29.2)
Drinking and driving
Yes 24.3 (23.5; 25.1) 36.9 (33.3; 40.5)
No 75.7 (74.9; 76.5) 63.1 (59.5; 66.7)
a1604 individuals self-reported just one road traffic injury episode in the last 12 months
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cars/vans or motorcycles was greater than that for the
other modes of transport. The percentage of car/van
drivers was higher in the South and Southeast regions,
while higher percentages of motorcyclists drivers were
observed in the Northeast and North regions. According
to Fig. 1b, motorcyclists were most likely to experience
an RTI in all regions, except for the South region where
the percentage of car/van occupants was slightly higher
than for motorcyclists. The highest percentage of RTIs
for motorcyclists was observed in the Northeast and
North regions. The Southeast and Central-West regions
presented a moderate level of RTIs for car/van occu-
pants and motorcyclists.
Tables 2, 3, and 4 provide results of the overall preva-
lence of RTIs with respective 95 % CI and adjusted odds
ratios according to the mode of transport.
Table 2 shows that being male, aged 18–29 and 30–39
years, black skin color, having only elementary educational,
reporting binge drinking behavior, and living in Central-
West, Northeast, or North regions were associated with
RTI for motorcyclists. Being 60 years or older was found to
be a protective factor against RTIs for motorcyclists
(Table 2).
Table 3 shows that being male, aged 18–29 and 30–39
years, reporting binge drinking behavior, and living in
the South region were associated with RTI for car/van
occupants. The following features were identified as pro-
tective factors against RTI for car/van occupants: elem-
entary or lower than elementary-level education, and
living in the Northeast region (Table 3).
Finally, Table 4 shows that being male, single, having
elementary-level or lower education, reporting binge
drinking behavior, and living in the Central-West and
North regions were associated with RTI among users of
other modes of transport. Being aged 60 years or older
was found to be a protective factor (Table 4).
Discussion
In this study, we found considerable disparities in RTI
prevalence among the macro-regions of Brazil. RTI
prevalence in the North region was twice as high as in
the Southeast region. While the PNAD 2008 [17]
showed a high prevalence of RTIs in Central-West and
South regions and a low prevalence in the Southeast and
North regions, the NHS results showed that the regions
with the highest prevalence have now shifted.
A
B
Fig. 1 Percentage of (a) drivers by mode of transport, 2013 and percentage of (b) RTIs by mode of transport and macro-regions of Brazil, 2013.
Morais Neto et al. International Journal for Equity in Health  (2016) 15:142 Page 5 of 11
Our findings also showed differences in the percentage
of RTIs among different modes of transport in each re-
gion. In the North and Northeast regions, the percentage
of RTIs involving motorcyclists represented more than
60 % of all RTIs, while in the South and Southeast re-
gions the corresponding percentages were 51 % and
41 %, respectively. This investigation showed that the
prevalence of RTI for motorcyclists was two times
higher in the North, Northeast, and Central-West re-
gions, when compared with the Southeast region. In the
South region, the prevalence of RTI for car/van occu-
pants was 1.6 times than those in the Southeast region.
These findings align with results of the Surveillance
System for Violence and Accidents (VIVA) survey,
which showed an increase in emergency room visits be-
tween 2009 and 2011 among motorcyclists; the percent-
age of injuries suffered by motorcyclists in the Northeast
(64.2 %) was much higher than that in the Southeast
region (47.8 %) in the VIVA survey [36]. Furthermore,
Brazilian states in the Northeast, North and Central-
West regions show a high mortality risk for motorcy-
clists [37].
The results of this investigation reveal that differences
among Brazilian regions appear to have increased between
2008 and 2013 [15, 17], likely because of increased pres-
ence of cars and motorcycles in the Northeast and North
regions. From 2001–2012, these regions experienced the
highest increase in cars in Brazil while the Northeast











95 % CI Adjusted
OR
95 % CI P value
Low High Low High
Sex
Female 31638 270 0.85 0.76 0.96
Male 27895 669 2.40 2.23 2.58 2.63 2.27 3.05 <0.001
Age (years)
18–29 15447 484 3.13 2.87 3.42 3.20 2.66 3.85 <0.001
30–39 12790 242 1.89 1.67 2.14 2.03 1.67 2.47 <0.001
40–59 20477 186 0.91 0.79 1.05
> = 60 10819 27 0.25 0.17 0.36 0.30 0.20 0.45 <0.001
Race/Skin color
White 28237 335 1.19 1.07 1.32
Brown 25011 486 1.96 1.79 2.13 1.14 0.98 1.33 0.09
Black 5475 109 1.99 1.65 2.40 1.36 1.09 1.70 0.008
Education
College or higher 7550 80 1.06 0.85 1.32
High school 19441 342 1.76 1.58 1.95 1.13 0.88 1.46 0.33
Elementary school 9264 220 2.37 2.08 2.71 1.49 1.14 1.94 0.003
Lower than elementary school 23277 296 1.27 1.14 1.42 1.26 0.97 1.63 0.08
Married/Partner
Yes 36464 506 1.39 1.27 1.51
No 23069 433 1.88 1.71 2.06 1.07 0.93 1.23 0.35
Binge drinking
No 51522 704 1.37 1.27 1.47
Yes 8010 235 2.93 2.59 3.33 1.28 1.10 1.50 0.002
Region
Southeast 26091 281 1.08 0.96 1.21
South 8764 90 1.03 0.84 1.26 0.97 0.76 1.24 0.82
Central-West 4370 103 2.36 1.95 2.85 2.01 1.59 2.53 <0.001
Northeast 15890 345 2.17 1.96 2.41 1.78 1.51 2.10 <0.001
North 4418 119 2.69 2.26 3.21 2.02 1.61 2.53 <0.001
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region accounted for the highest growth in motorcycle
numbers among all regions, increasing from 1.8–7.7 mo-
torcycles per 100 inhabitants [38]. The sharp increase in
the number of motorcycles is associated with increased
purchasing power in the country’s poorest regions. The
majority of Brazil’s low-income earners and rural popula-
tions are concentrated in the North and Northeast re-
gions, and in the last two decades, there has been an
increase in the average income of the lowest socioeco-
nomic strata of the population. This trend, accompanied
by a reduction in public transportation spending, contrib-
uted to an increase in private transport spending, espe-
cially spending towards the acquisition of motorcycles [6].
Furthermore, the percentage of individuals using private
transport has surpassed that of public transportation be-
tween 2003 and 2013 [12].
This scenario leads to a new pattern of population mo-
bility, characterized by the coexistence of a mix of vehicles
and pedestrians sharing the same space on roads not ori-
ginally designed to accommodate high traffic volume [2].
There have been no investments in infrastructure or road
safety to adapt to the new motorized reality [3, 39].
There is evidence that the main effective interventions
to reduce RTI are improving vehicle and road infrastruc-
ture safety [40]. Furthermore, particularly for low an
middle-income countries, the most effective measures
Table 3 Prevalence and independent determinants of road traffic injury for car/van occupants based on all population. National










95 % CI Adjusted
OR
95 % CI P value
Low High Low High
Sex
Female 31531 163 0.52 0.44 0.60
Male 27497 271 0.99 0.88 1.11 1.74 1.42 2.14 <0.001
Age (years)
18–29 15090 127 0.84 0.71 1.00 1.50 1.13 2.00 0.01
30–39 12718 170 1.34 1.15 1.55 2.45 1.90 3.16 <0.001
40–59 20389 98 0.36 0.26 0.49
> = 60 10831 39 0.48 0.39 0.59 1.00 0.68 1.46 0.98
Race/Skin color
White 28145 243 0.86 0.76 0.98
Brown 24671 146 0.59 0.50 0.70 0.87 0.70 1.10 0.26
Black 5405 39 0.72 0.53 0.98 1.11 0.78 1.57 0.56
Education
College or higher 7562 92 1.22 0.99 1.49
High school 19307 209 1.08 0.95 1.24 0.88 0.68 1.13 0.30
Elementary school 9091 47 0.52 0.39 0.69 0.44 0.31 0.63 <0.001
Lower than elementary school 23066 85 0.37 0.30 0.46 0.40 0.29 0.54 <0.001
Married/Partner
Yes 36220 262 0.72 0.64 0.82
No 22808 172 0.75 0.65 0.88 0.99 0.81 1.22 0.94
Binge drinking
No 51128 310 0.61 0.54 0.68
Yes 7899 124 1.57 1.32 1.87 2.02 1.62 2.52 <0.001
Region
Southeast 26001 191 0.73 0.64 0.85
South 8775 101 1.15 0.95 1.40 1.61 1.26 2.07 <0.001
Central-West 4310 43 1.00 0.74 1.34 1.36 0.97 1.90 0.08
Northeast 15614 69 0.44 0.35 0.56 0.63 0.47 0.84 0.002
North 4329 30 0.69 0.49 0.99 0.99 0.66 1.47 0.95
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combine legislation and enforcement initiatives focused
on main risk factors, especially excessive speed and alco-
hol use [41].
Our study pointed to a greater risk of RTI among male
occupants in all modes of transport. This finding corrob-
orates reports from the Ministry of Health (2009) [36]
and the 2008 PNAD [17]. Results from other developing
countries also showed highest RTIs among males [19,
42–44]. However, there is no consensus in the inter-
national literature regarding the degree to which RTI
differ between males and females [45]. In Spain the
risk for males was higher for younger vs. older age
groups, and the male/female ratio increased with the
severity of the injury. For females, the risk was higher
for adults and older adults vs. youth, regardless of the
mode of transport and severity of the injury. [45]. In
the United States, the risk of non-fatal injuries was
higher among males vs. females for pedestrians, cy-
clists, and vehicle and bus occupants; for motorcy-
clists, there was no difference between males and
females [28]. The higher risks facing young men may
be related to gender roles associated with high risk
behaviors (e.g., speeding and driving under the influ-
ence of alcohol) [45, 46].
The present study shows that individuals aged 18–39
years who were motorcyclists or car/van occupants were
more likely to suffer an RTI when compared with other
age groups; similar findings are also reported by PNAD
Table 4 Prevalence and independent determinants of road traffic injury for others mode of transport. based on all population.










95 % CI Adjusted
OR
95 % CI P value
Low High Low High
Sex
Female 31368 95 0.30 0.25 0.37
Male 27226 136 0.50 0.42 0.59 1.42 1.08 1.88 0.01
Age (years)
18–29 14963 60 0.40 0.31 0.52 0.79 0.55 1.13 0.20
30–39 12548 54 0.43 0.33 0.56 0.99 0.70 1.41 0.96
40–59 20291 85 0.42 0.34 0.52
> = 60 10792 32 0.30 0.21 0.42 0.65 0.43 0.99 0.046
Race/Skin color
White 27902 86 0.31 0.25 0.38
Brown 24524 114 0.46 0.39 0.56 1.20 0.88 1.63 0.24
Black 5366 28 0.52 0.36 0.75 1.41 0.91 2.19 0.13
Education
College or higher 7470 14 0.19 0.11 0.31
High school 19098 64 0.34 0.26 0.43 1.59 0.89 2.86 0.12
Elementary school 9044 42 0.46 0.34 0.63 2.13 1.15 3.94 0.02
Lower than elementary school 22982 112 0.49 0.41 0.59 2.53 1.43 4.48 0.001
Married/Partner
Yes 35957 114 0.32 0.26 0.38
No 22636 117 0.52 0.43 0.62 1.79 1.36 2.35 <0.001
Binge drinking
No 50818 175 0.34 0.30 0.40
Yes 7776 57 0.73 0.57 0.95 1.82 1.33 2.51 <0.001
Region
Southeast 25810 78 0.30 0.24 0.38
South 8673 30 0.35 0.24 0.49 1.26 0.82 1.93 0.30
Central-West 4268 27 0.63 0.43 0.92 1.96 1.26 3.06 0.003
Northeast 15545 61 0.39 0.31 0.50 1.09 0.77 1.55 0.61
North 4299 36 0.84 0.61 1.16 2.34 1.54 3.55 <0.001
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2008 [17]. Other studies have documented the high risk
of RTI for young adults in developing countries [19, 28,
43, 45]. Being 60 years or older was protective against
RTI for motorcyclists and users of other modes of trans-
port, but not for car occupants. Differences in the risk of
RTI between young individuals and older adults can be
explained by a greater exposure to traffic by young males,
who use motorcycles for urban mobility and who more
often exhibit the risky behaviors described above [45].
Among motorcyclists, those who described themselves
as black had a greater risk of RTI compared with white
participants. For car/van occupants and other road
users, no association was found between RTI and skin
color. A study conducted in Brazil in 2008 showed that
brown and black individuals were six times more likely
to die from an RTI than their white counterparts [30].
National and international reports show similar results,
with black people exposed to a higher risk of death from
traffic crashes, and dying at a younger age from RTIs
than white people [30]. The greater risk of RTI for black
individuals may be related to their socioeconomic level,
which typically positions them as vulnerable road users
(motorcyclists, cyclists and pedestrians) [30].
In this study, motorcyclists with elementary school-level
education had a greater risk of an RTI than those with a
high school education or higher. For car/van occupants,
having an elementary-level or lower education was a pro-
tective factor against RTIs. For the category “other modes
of transport”, individuals with an elementary-level or
lower education presented a greater risk of an RTI than
those with a college education or higher.
A possible explanation for these findings is that
schooling might act as a proxy for socioeconomic level.
Individuals from low socioeconomic backgrounds (elem-
entary education or less) that cannot afford a car are
more likely to use a motorcycle. Evidence to support this
claim can be found in the profile of motorcyclists who
suffered an RTI in Brazil; in general they are young
males, with elementary school-level education and use a
motorcycle daily as their mode of transport [47, 48].
Regarding alcohol consumption, there was a greater
risk of RTI among binge drinkers for all modes of trans-
port; for car/van occupants, the magnitude of risk was
the highest. A study using data from the NHS to evalu-
ate alcohol consumption showed that residents in the
Northeast and Central-West regions of Brazil have the
highest levels of binge drinking and driving under the
influence [49]. Another study that analyzed NHS data to
determine alcohol consumption showed a higher preva-
lence of binge drinking in the North, Northeast, and
Central-West regions compared with the South and
Southeast regions of Brazil [50]. The first survey to in-
vestigate the profile of alcohol use in Brazil found a high
prevalence of driving under the influence with the
following risk factors: being male, binge drinking, previ-
ous traffic crash while driving under the influence, and
an unfavorable opinion score regarding interventions to
control drinking and driving [34].
This study identified high RTI prevalence among
young males who reported a motorcycle as their main
mode of transport; thus, enforcement interventions that
focus on reducing speeding and driving under the influ-
ence by motorcyclists, especially young males, should be
prioritized especially in municipalities located in the
North, Northeast and Central-West regions of the country.
Additionally, training programs for beginner motorcyclists
and measures to improve the visibility of motorcycles
should be implemented [24].
The potential limitations of this study should be ac-
knowledged. It would be desirable to estimate the rates
of vehicle-specific RTIs by looking at the individuals ex-
posed to each mode of transport using vehicle miles
traveled, number of trips, and time spent as a passenger
or driver of each mode of transport. However, the NHS
survey was not designed to sample sufficient numbers of
such exposures. Therefore, some observed disparities
may be a result of this differential exposure. Another
limitation is the likely presence of recall bias, which
could influence the quality of the data collected during
the household interview. A further issue is survival bias,
which is a common limitation of prevalence studies. In
addition, it would be desirable to have a larger number of
variables potentially associated with RTIs, such as car and
motorcycle ownership, occupation, time spent in urban
mobility for each mode of transport, among others.
Despite the limitations of the NHS data in investigat-
ing RTI risk factors, our study represents the latest de-
scription of RTIs patterns in Brazil, and could be used to
guide further investigations, potentially focusing on the
regions presenting the highest concentration of RTIs.
Conclusions
This study identified important regional differences in
RTIs. Compared with the 2008 PNAD, our findings
showed changes in the magnitude of RTIs and their dis-
tribution among regions, reflecting the recent growth in
the rates of the motorization of cars/vans and motorcy-
cles in Brazil. This study also identified differences in
the magnitude and statistical significance of RTI deter-
minants among motorcyclists, car/van occupants, and
other modes of transport.
The results of this investigation can guide interven-
tions to reduce the burden of RTI and reduce differences
among regions and modes of transport. To achieve this
aim as well as goals set by international agencies – the
goals of the Decade of Action for Road Safety [51] and
the Sustainable Development Goals of the United
Nations [52] –, Brazil needs to strengthen its
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transportation and road safety policies by implementing
measures such as: (i) creation of a lead agency for the
national management of road safety with the power and
ability to formulate and conduct a national road safety
action plan and coordinate inter-sectoral initiatives; (ii)
implementation of a national information system for
RTI to unify data on road traffic crashes for the three
levels of government (federal, state and municipal), and
enable the collection of police and health sector data on
injured individuals; (iii) creation of a systematic and
regular survey for data collection concerning the urban
mobility of the population for each mode of transport to
allow the estimation of RTI rates based on exposure to
various modes of transport; (iv) expansion and improve-
ment of the quality of public transport supply in urban
areas and reduction of the subsidy for the production of
cars and motorcycles; (v) implementation of safety infra-
structure for urban roads and highways to reduce the
risk of road traffic crashes and to enable a peaceful coex-
istence between the various modes of transport; and fi-
nally, (vi) review the National Traffic Code regarding the
main risk factors (e.g., excessive speed, driving under the
influence, and inappropriate behavior by motorcyclists).
Important changes to the code should include, banning
of motorcycle traffic between the two lanes of urban high-
ways and roads, tightening the requirements for motorcy-
clists to obtain a driver’s license, and creating regulation
aimed at improving motorcyclists’ conspicuity. (vii)
strengthening the enforcement and punishment to reduce
driving under influence of alcohol and excessive speed.
Inter-sectoral structural measures led by the Federal
Government together with the states and municipalities
may help to reduce the magnitude of RTI in Brazil and
address regional inequalities in the distribution of RTIs.
Furthermore, targeted road safety interventions for vul-
nerable road users such as pedestrians and motorcyclists,
and the population groups most likely to experience RTI,
as identified in this study, is vital to reduce inequalities
within the population.
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